uciur.pas
manhole_cost = s6r0
bur_structurs - mero
ugd_structure - séro
aer_structure = sero

{ Calculate 301] texture lspact |}
soil_texture_indicator = 0
for { = 1 to MmmTexfypes

{f SurfText[i). texture = soll_texturs then
sol)_texture_indicator « Surffext/i).impact
end 1f

next
"~ should sert the SurfTent array, use blaary search

{ Calculate structure dlstribution | )
it feesdar_indicator ~ 0 then

for 1 = 1 to NumbDensiones
1t density >= DistPlantMin{i].density then *
pct_ugd = DPlstPlantMin(i]. UgdPot
pct_bur = DistPlantMis[i].BusPot
pct_ser =~ DistPlanthix[i]. AexPot
end 1f
next

else { this 13 for feeder plant )}

for { = | to MumbDesslones
it density >« CopFesedrlantMix{i).density then
pct_ugd = CoplesdPlantMis{i).UgdPot
pct_bur = Copfeedrlantiix(i}.BurPot
pct_aer - CopFesdrlantMix(i].AecPot
and 1if
naxt

end 1f
7. should set & density_Index variable for wse ln alt subsequent calculations, densily daen not change

{ Cat sharing Information )

for 1 = 1 to MmDensfones
it density >= shaxingil).density then
ugd_share = Shaximg(i).Ugd shase
bur _share - Shariag(i).Buc_share
ser_shsre = Shariag(i).Aexr_share
end 1t
next

iCalculate water table effect )

{ this is for distributlon plant )

63

structur.pas

critical_depth « coppes_placemsat depth

1f (copper_indicator = 1) snd (fiber_indicator = 1) then

critical_depth = max{copper placemsnt depth, fiber placamsnt depth) (global.pas}

{t {copper_indlcator - 1) and (fiber_indicator ~ 0} then
critical_depth’' - copper_placesant_depth

it {copper_indicator - 0) and (fiber_indicator = 1) then
critical_depth ~ fiber placemant depth

frae_pct = one - pct_ugd - pct_bur - pct_aer

if free_pct < sero then frea_pct - sero

| Interact water table and rock hardness |

it (depth_to_bedrock < critical_depth) and (hardness = '‘HARD'} then
{use hard rock values)

for - 1 to MumbDenafones
1¢ density >=- SardRockStruc(i).density than
Lt feeder_indicator = 1 then
ugd_structure ~ ugd_share * NardRockStruc(i}.reedvgd
bur_structure « bur_shsre * NardRockStrucfi].resdbur
ser_structure ~ der_shsre ¢ RardlockStruc[i].FesedAsr
alse
ugd_structure - ugd_share * NardRock3truo{i].DistUgd
bur_structure - bur_share * NsrdRockStruo(i).DistBur
ser_structure ~ aer_share * NaxdRockStruc({i).DistAsr
end If
., ond If
nqxt

//1ooks like feed copper_cible cspacity i3 like maximum copper feeder alze

it feeder_indicator = 1 then

NusberOfDucts ~ round(copper_lines / feed copper_cable capacity + half)

¢+ roundifiber_iines / fiber cable capacity + hair)
slae

NumberOfDucts =« round{copper_lines / dist coppex_cable capaclity +« half )

end 1t

1f MumberOfDucts < 2 then HumberOfbDucts =~ 2

for L = 1 to MmmbDenstones
if density >=» sanholeSpac|i).density then
Manholelpacing = Manholefpac(i).ManholeSpacing
enad if
next

{actempt to [ind the manhole with the correct number of ducts)
for I - 1 to MusManholebises - )
If HumberOfDucts >= MaoholeCost(i).DuctCap then
msnhole_cost = ManboleCost(i).BardCost / HanholaSpacing
{ manhole cost per foot for underground)
end it

k3

t

.

1



ructur.pas

naxt

{add any extra cost If necesssary)
If NumberOfDucts > ManholeCost{MmManholeSizes-1].DuctCap then
manhole_cost = manhole_cost ¢ ManholeCost (MamManholeSises|.BaxdCont
* {(NumberOfDucts - ManholeCost [MumManholesizes~-1)*. DuctCap)

end it

olae {f (depth_to_bedrock >= critical_depth) and (soll_texture_lndicator -~ 1) then
{ use nor-a{ values )

V - looks ke sell_texture_fadicator Is not used properly, above test shauld result in ‘seft reck’ conditlons

for | = 1 to MumDensfones
1t density >« NoxmalStsuo[l).dansity then
{t teader_indicator = 1 then
ugd_structure = ugd_share * Nommsalstsuc[i).FeedUgd
bur_structure = bur_share * NormalStxuc([i].Fes
aer_structure = aar_share * Nomlltmll).rooq::
end if

olse
ugd_structure ~ ugd_share * NommalStruc[i).DistOgd
bur_structure = bur_share * NormalStruafd}.DistBur
anr_structurs ~ aer_share ° Noxmalgtruo{i) . Disthrex
and it
naxt

\{ feeder_indicator = 1 then

HumberDfDucts - round{copper_lines / fead copper_cable cspacity v half )

+ round(tiber_lines / fiber_cable_cspaaity + half) + 1

else
NumberOfDucts ~ round{ copper_tinea/dist coppar_cable capacity + half }

end {if

{f NumberOfDucts < 2 then NumberOfDucts = 2’

for | = 1 to MmmbDensfones
i1t denalty >- MaanholeSpao(i).density than
HanholeSpacing = ManholeSpsc(li).ManholesSpacing
end if
next

for { = 1 to Mumdanholefizes - 1
Lf NumberOfDucts >~ MaaholeCost]i).DuctCap then
sanhole coust - ManholeCost({i] . MogrmalCost / HanholeSpacing
{ manhole cost per foot for underground)
end Lt
next

{{ HumberOfDucts > ManboleCost[NumiManholssizes-1).DuctCap then
manhole cost = manhole_cost ¢+ ManholeCost[NumManholeSiszes).NormalCost
- ¢ (NumberOfDucts ~ ManholeCost [HumManholefises-1) DuctCap)

end i

alse | use soft rock values )

structur.pas

W - st wote abeve
for { = 1 to MumDenslones
1f density >= (SoftRockBStzuc[}), . density) then
{f teeder_indicator = 1 then
ugd_structure =~ ugd_share * SoftRockStrua(i). FeedUgd
bqr_ltructura = bur_share * SoftRockStruc(i).resdBusr
a8r_structure - aer_share * SoftRockStrua|i].resdAer
ana it
else
ugd_structure = ugd_share ° SoftRockStruc|li).DistUgd
bur_structure = bur_share * SoftRockStsuali).PlstBur
aer_structure ~ ser_share * SoftRockStruc(i).DiatAsr
end {f
next

1f feeder_indicator = 1 then
NumberOfDucta « round(copper_lines / fead coppes_cable capscity + half
¢+ round(fiber_lines / fibex cable cspacity + half) 'll
else e
NumberOfDucts - round{coppar_lines / dist_copper cable capacity ¢ half) + |

1€ NumberOfDucts < 2 then HumberOfDucts = 2

for | = 1 to MmbDans¥ones
it density >= ManholaSpacfi}).dansity then
HanholeSpacing -~ ManholeSpac{i).ManholeSpacing
end {f
next

Jdor | = 1 to MumManholeSises - ]
N 1 HumbagOfDucts >« ManholeCost (i) DuatCap then

N minhole _cost = HanholeCost[1).BofiCost / ManholeSpacing
{ manhole cost per foot for underground)
ena Lf
naxt

t{ NumburOIDucty > ManholeCoast {NumianholeSises-1).DuctCap thon
manhole_cost =~ manhole_cost ¢+ manholeCoast[NumManholeSises). SofcCost
* {NumberOfDucts - HanholeCoat {MmManholeSixes-1). DuctCap)

end |{f
end It
//adjust manhole cost for shacing
msnhole_cost = ugd_share * manhole_cost * 1000 ( results In dullars per kilotoor |
ugd_structure = ugd_structure * 1000
bur_structure = bur_structure * 1000
s8r_structure = aer_scructure “ 1000

Lf (MinSlope < MiaSlopeTrigyer) and (Max3lope > MaxSlopeTrigyer) then
ugd_structure ~ ugd_structure * Combsloperasotor
bur_structure = bur_structure * CombSlopeFsator
aer_structure = aer_structure * Cambflopefaator
manhole_cost =~ manhole_cost * CambSlopefactor



. pas

se {{ {MlaSlopae Minslopatriggur) than

<
ugd_structure = ugd _steucture * NiaglopeFactor
bur_structure ~ bur_structure * MinslopeFsctor
20r_structurs ~ aeg_structurs * Miagloperaatesr
manhole_cost « maphols_cost * Miasloperaotorx

iss {f (Max3Slops > ManSlopefrigger) then
ugd_atructure ~ uqd_structure * ManfilopaFactor
bue_structure = buf_structurs * Naxdlopa¥aotex
asr_atructure = aar_structurs * ManSlope¥aoterx
sanhole_cost =~ aanhole_cost * ManSlops¥soter

g 4f

f/adjuse pecrcentages so they balance to 1.0, throwing any difference Into plant type
«{th largest dollar asount
it {ag_ngd stsvo ¢ ugd_structurs » ao_manhols ¢ manhole_cost)

<= ainl(s0 bur_styuo * bur_structure}
. (so_sex_strua * asr_structurdj) then

{global.pas)

pet_ugd = pct_ugd ¢+ fres_pct

else i (40 bur struc * bur_structural
<» min{{ac_ugd struc * ugd_structure + ao_manbhole * manhole_cost) (global.pas)

*

, lac_ssx_struo * aer_structure}) then %
pet_bur = pct_bur + fras_pct
alse Ll {aq_séer stxun * Asr structurs)

«~ miniloo_bur stimc * bur_structurs) tplobal.pas)
, {an_upd strua ¢ ugd_structure ag_manbolse * manhola_cost)) then

pct_ser -~ pct_aar ¢+ free_pct

end 1t

ugQd_structure
asr_atyucture
bur_structurs
manhole_cost

ugd_srructurs =« pct_ugd
Aer_structurs - pct_aer
bur_structure = pce_bur
manhole_cost = pct_ugd

» s o

//¢hils tast should wrap this functlion, exit 1f thess are no linss
(¢ (copper_Lines ¢ Ciber_tlnes} >~ half then
atructure_cost_fn =~ ugd_structurs ¢ bur_structuce + aér_structure + manhole_cost

aise

ugd_gtructure ~ sero

bue._structure » seso

aar_structure = sexo

aanhole_cost = serv

structure_cost_fn ~ sexo
end ¢

[

cable.pas

cable.pss

the two functlons used outslde of this module ere fesd _cable_cost and diat_cable_cost

funotion feed ocable ooat
passed varlables:
lines ¢
dansity
techaology
‘ugd_coppsr
‘bur_topper
“anr_copper
‘ugd_fibes
*bur_fibec
*aer_tibar
pee_ugd
pct_bur
pet_asr

local variasbles:

temp}
tomp2
ugd?
bur?
ser2
ugd_coppn: - sero
bur_coppes = asro
ser_copper ~ aexo
ugd, fibar =~ aexe
bur_(iber = sero
aesr_[bar =~ sexe
ugd? -~ Eexe
bur? ~ 2850
ser? - merxo
templ - 2870
cemp2 - E8ro

//3inas must ba totsl lines
$f lines < half then
fead_cable_cost - szero

alse
1t (vechnology ~ copper26) or (technalogy = copper2d) or {technology = ¢ L) then
Lf Yines <~ feed_copper_cable_capscity than B
for £ ~ 1 to MmFesdCablesSises
“W - leaku fike cabies ara undenized bere, 1est shouid be reversed, mesd to use break an thhs loop
il Lines >~ CopDistCostfi).Cablesisa then
{ costa are lnput per foot; wae're warking with k¢ |
uvgd copper « pct_ugd * Cop¥eedfost|l) . CostiUgd * 1000
bur_copper - pct_bur * CopfesdCost{i).CostBur * 1000
‘ ser_copper -~ pct_aexr * CopfeadCost{i).Costrer * 1000
templ = ugd_coppar + bur_copper s aer_copper
end it -
next

10



alse
for 1 ~ 1 to MmfesdCablasisss
it (round(fesd oopper_cable_capssityl] >+ Cwpleeduet{t] Sise then
J/this is Integer divisien,colev)sting number of won 2198 cables
templ = (round{lines) div roundifood swppsr seble_caposilyy)
ugQd_copper = templ ¢ pct_wed * Copfesdtues{i] CootOpd ¢ 1000
bur_coppsr = templ * pct_but * Cwpfoedrnotit] Costvur * 160¢
s4r_coppor ~ templ * pct_sar * CopFeadOnst i) Cestrar * 1000
templ ~ ugd_coppar ¢+ DurF_coppes + $9¢ Coppes
end ¢
//calculate residual cable sise
1f (round()}ines) mod round{fesd ceppesr_sabla_capacity))
>~ CopfeadCosti}~.3i1¢ then
ugd? = pct_uqd * CoplesdCost|i).CostUpd * 1000
bur2 = pct_bur * CopleedCost(i].CostBux * 1000
a8r2 ~ pct_ser * CopfasdCost(i).CustAexr * 1000
temp? = ugd2 ¢+ bur2 + ser2

end It
nexc )

anag M

tampl = templ ¢+ temp

ugt_coppar ~ uqd_copper ¢ uqdl

bur_coppar = bur_copper + bus?

aer_cOppes = Asr_coppar ¢+ ser2 5

Sauge copper (1 attumed 1o be & canstant mulilpiter of 36 gauge

it teachnology ~ copper2é then
fead_cable_cost ~ templ * multipliex 24
uod_coppcr ~ ugd_copper * multiplies 24
bur_copper = bur_copper * -nltlp)lnr 2¢
ASr_cOpper < Mer_copper ¢ -nltipllar'zl

olse
tesd _cable_coast - templ

and (f

alse { technology is (lber }

{f lines <~ f‘b.{_alhl."Olpldlty then
se¢ cable sleing note above
for { - 1| to MmFidesCableBisas
if Lines >~ FiberFeedCost[l),sizs than
ugd_fiber » pct_ugd * FibexraedCostfi) . CostOgd * 1000
bur_fiber ~ pct_bur * FibarFeedCost[i).CostBur * 1000
ser_ “tibesr - pct_ser * FibesFssdCoat{i].CostAes * 1000
o tampl ~ uqd_tiber ¢ bur_fiber + ser_tibec
snd it
next
else
for i ~ § to MmFidesCablesizes
- taoka itha this should be Aber_cable_capaclty
it (xound(!ood coppes_cable capacity}) >~ FiberFsedCost (L] . &ine then
V - fooks ke this sheuld be ﬁhf_uut_upnln
tompl o (roundi{iines) div sound|fesd copper cable_aapaalty))
ugd_fiber - templ ¢ pct_ugd * FiberFosdCost(L]. Chatﬂqd 1000
bur_fibar = templ * pct bur ¢ ribesFeadCost (i} CostBus « 10G0

1"

cable.pas

aar_liber - templ * prCr_ser * FiberlesdCost[i].Costhex *
tespl = ugd_fiber + bur_flber + ser_fiver
and it
W - oot P 1 shauld be fiber_cable_tapacity
i t(round(lines) mod roundifesd coppes_cabls capacity))
>= Fibec¥sedCoat[l] . Size then
+ ugd? ~ pct_ugd ¢ riberFewdlost (1) . CostUgd * 1000
bur? ~ pct_bur * Fibss¥eadCost (i) .Costus * 1000
ser2 = pct_aer * Fibes¥sadCost[i}.Costhex * 1000
temp2 - ugd2 ¢+ bur? ¢+ sar?
ond {f
aexnt
end I

tompt = templ + temp2

ugo_fiber = ugd fiber + ugd2

bur_flber ~ bur_fiber ¢ bur? .
2er_fiher ~ aor Libay + aer?

taed_cable_cost =~ templ
end 1t

and if

funation dist_ashle_ oost
pasaed variables:
1ines
densivy
qauge
‘uqd_copper
*bur_copper
ceer_copper
pet_uqd
pet_ber
pce_ser

local variablea:
i

templ

templ

uga?

bur?

(V1%

uQd_copper = tes¢
bur_copper - rero
aar_copper ~ iero
templ - tefro
tompl - 1850
ugd2 ~ 18F0
bur? - z8f0
a8t - taro

12 lines <~ half then
dist_cable_cost - szaro

1000
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else

templ = zero0
temp? = smerxo

it lines <= dist_copperx _cable_capacity then
for { « 1 to MmCablesizes
¥ - fooks like cables are undersiaed hers, test should be reversed, nced Lo use break sa thls loep

next
slse
for

if linas <= CopDPistCost[i].Cablegize then

ugd_copper = pct_ugd * CopDistCost(i).Costlgd * 1000
bur_copper = pct_bur * CopDistOost(i).CestBur * 1000
aer_copper = pct_aer * CopDletCwst[i].Costher * 1000
templ = ugd_coppar ¢ bur_coppar ¢ asr_copper

and it

{ = 1 to MamCableSises
if (round(dist_copper cable capacity} <= CopDistCost{i).Cablesiss} then

tampl = {round(lines) dlv round{dist_ooppes_cable capacity))
ugd_copper = templ * pct_ugd * CopbistCost{i]).Costlpd * 1000
bur_copper -~ templ * pct_bur ¢ CopDistOust(l).Costdur * 1000
ae7_copper = templ * pct_aar ° CopbDistlfost|i].CostAer * 1000
templ « ugd copper ¢ bur_copper ¢+ aer_copper

end if
1t (round(lines) mod round(dist_ocopper_gabla capascity))

>= CopDistCoat([i}.Cablesise then
ugd2 = pot_ugd * CopDistCost(i).CostUgd ° 1000
bur2 = pet_bur * CopDistCost|l).CostBur * 1000
aer2 = pct_aer * CopDistCost[i).CostAar * 1000
temp2 = ugd2 ¢ bur2 + aerl .

end it

next
end if

templ = cempl ¢ templ

ugd_copper = ugd_copper ¢+ ugd?
bur_copper = bur_copper ¢ burl
Aer_COpper =~ aer_copper ¢ aer?

i1f gauge = 924 then

dist_cable_cost = templ

multiplier_24

ugd_copper ~ uqd_copper * multiplier 2¢

bur_copper = bur_coppec

multipliex 24

ser_copper - ser_copper * sultiplier 24

else

dist_cable_cost = templ

end If

end if

b))

primdist.pas
pelndist pas
the only procedure used outside of this module is calculate_prim_distributlon_cost

procedure cumulate_lings
passed varlables:
GR
n { nuaber of nodes )
_to
line_vector
DisttoNode
DistToSAl
cuts
density
FillFactor .
*dist_cost
*ugd_cable ;
*bur_cable e
‘aer_cablae
*ugd_structure
‘bur_structure
‘aer_structure
*HanholeCost

local varlables:
c

1

nc

k B
was_tut
926_Ilnes
924_linaes
lll’uClIll.__CO! t
cable_cost
technology
ucl

bet

scl

uc?

be2

ac?

us

bs

as

ah

penalty
pce_ugd
pet_bur
pce_aer

us = ugd_structuss
bs = bur_structure
48 = ser_structure
sh = ManholeCost

M



primdist.pas

imdist.pas
aansity
ugd_structure = 2810 GR.hardness
bur_structure = sero GR.DepthToBedrock
ser_structure ~ zoro GR.5011Texnture
ManholeCost - geco GHR.MinSlope
ugd_cable - z@Ko0 GR.HaxSlope
bur_cable - zaro ' GR.HaterTh
aear_cable - gero . 0
ucl - saro 1
bet - zero 0
acl - saro ‘us
uc? =- =zero ‘b3
bc? - gazo ‘as
ac2 - sero *mh
‘pet_uqd
‘pct_bur
‘pct_aer

nc = cuts{l] 3
cable_cost = call dl-t_uabl.ﬂoont ¢ call dl-t_o;bl._oo-élcable.pu:)

for { = 2 ton
{f cutsi{i)>nc then pass varliablas: pass varlables:
nc = cuts(i) 926_Ltines (1) 924_lines(i}
end if density densicy
next ’ Q26 g24
“ *ucl *uc?
for i = 1 ton *bel *bec2
was_cutll) « falae *acl *ac2
next pct_ugd pce_ugd
pct_bur pct_bur
for | = 1 ton pct_aer pct_aer
926_lines{i) ~ xero
924_lines(l]) = sexo else
next ’ cable_cost ~ zexo
* S3tructure _cost = xexo
tor { = 2 to A ucl = sero
1t DistToSAl{l] > copper_gsuge xover then bcl = sexo
924_lines|l) - line_vector(i} acl - aero
else uc? = zero
926_iines{l) =~ line_vectorii] bc? = maro
end if ac2 = gero
next us - Z8K0
bs = xero
dlst_cost =~ sero a3 =« zero
mh =~ seso
for ¢ = 1 to nc end {f
for i, 2 ton
11 not (was_cut[i])) then if (g26_lines{i} ¢+ g24_lines{i}) > 1.0a-6 then
1t cuts(i)=c then 1f DistToSAI{1) > max_copper_distance then
x = _tolll penalty =~ MaxCopperPenalty
926_linesfx] - g26_lines(k] + 926 _lines(t) else
Q24_linesik) - 924_Lines{k) + Q24 _lines{i]) penalty ~ one
end 1f

SW - this peaalty catculntion Is repeated elaewhere

1t g26_lines(i) + g24_linesli) > zero then
dist_cost = dist_cost + (structure_cost ¢ cable cost)

stTucture_cost = call etruoturs_oost fa {structur.pas}
pass varlablaes: * DistToNode |1} * penalty
926_1inea{i)eg24_lines(i]
0 ugd_cable = ugd_cable + (ucl + uc2) * DistToNodau[l] * penalcy
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ist.pns
buc_cable - bur_cabie ¢ (bcl ¢ bc2) * DistToNode{l} - penalty ang if
sar_cable = aer_cable + {acl ¢+ ac2) * DistToNode(i] - penalty next
ugd_structure = ugd_structure ¢« us * DistToNode(i] * penalty {f cut_{t then
bur_structure = bur_structute + bs * DistToNode{i] * pensity cut_ord{i] - cut_num
aer_structure = aer_structure ¢ ss °* DlstToNodell} * panalty u..:cut(ll - true
ManholeCoat = MsnholaCost + mh * DlatToNodell} * penalty tocsl_cuts = total cuts + 1
and 12
and If and if
next
was_cut{l} = trus
end Cut_num = cut_num ¢ 1}
ong
next until total_cuts = n ~ 1|
next

tunation provisional aost
jedurs pruns passed varlablas: L .
passed varlavlas: NP A KW s L ddantister, tor sop céikina)]
pi! tarmay: RiNL tota ) inuaber, of deop térmssinlSA)

n { numbar of nodes !}
to lines
v cut_ora GR
5 dist { distance to the tree )
dist23AL { distance to the SAl via tree )
loval varfablas density | average density for tree )
rotsl_cuts ritifactor
cut_num
was_cuot
¢ 1Calculates a proviatonal distribution cost for » glven customar based on sltocating
3 bolh structure 4Ad cable cost batween the customer and the trae, snd a cable cost
cut_lt on{y for the aptire distance from (he customer to the SAl.}
local variables
total_cuts = 0 cable_cost
- n2014
for i = § ton né12
cut_ord{i} = 0 n§é
next n24
Qauge
cut_num = 1 ue
be
for 1 =1 ton ac
wss _cut{l] = talae us
next ) bs
. an
ah
repaat . structure_cost
tor £ = 2 to sc_structurs
L€ aot (was_cut{l]} then sc_cable
cut_it = true penalty
for § = 2 to n do pct_uqd
it not {was_cut{j§ij than pct_bur
pct_ser

tt _tof(j] = { then
cut_it - false

and if

”



pas

<= pum_termaTtnap.)t}Yook only'at!liva noded;  which are ladexdd 1l {num_terms}

| Firat, make the technology decermination,

It diat25A1 > copper_gauge xover then
qauga = ¢t

alse
gavge ~ 926

end if

i1t dist25A! > max _copper _distance then
panaity = MaxCoppesPeoalty

alse
penality ~ ons

end if

f NHow calculate astructure and cable costs.|}

structure_cost « call eteucture_gost_fn
pass variablas:
lines
]
density
GR.hardness
GR,DspthfolBsdrock
GR.Sof)testure
GR. . Minslope
GR.Hax3lope
GR.¥aterth
¢
H
0
‘us
*bs
‘as
*mh
*poL_ugd
*pct_bur
pct_aer

J

{atructur.pas}

»

ac_spructure ~ ac_ugd strue * us ¢ 80 Dux struc ' bs ¢ 40_sex_strua * As

v ac_msnbole * ah

cable_cosr = call dist_ocabls aost
pass varisbles:
lines
density
gAuQS
fuc
‘be
rac
pct_ugd
pet_bur

{cable.pas)

a4

primdist.pas

pot_aar

4c_cable = ag ugd cop * uc ¢+ a0 bur_cop * bDC ¢+ aq_ser_cop *

1t tines > ¢ then

provl-lOnlﬁ_colt ~ (Wist * ac_structurs ¢ dAist2SAL * ac_cabla) * penaity

slse
provisional_cost ~ serso
end ¢
alds
[ grovistons T cant_ < dlat/1000

end {f

procedure prim_trea
passsd variables:

GR

n { number of aodes, including 5A1 |
Line_vector

datn | distance mitrix)

density { density tor S5A }

fillFactor

*_trom 1 343t of lots, with #3 = SA@ )

«_to I lot that easch nods points to |}
*dist2node { distsnce [rom each Jot to next aode j
“dist2sat { diatance to switch from each jot |

locfl;conatanznx
diarqge - 999999999.%

local varlables:

idx

dist

dist2

cost
technoloyy

for L = 1 to n do
s{l) ~ true
vit) = &



L.pas

c{t} ~ dtarge
a1ii} ~ szerxo
L 14

1} ~ zero
2{l] = servo

i ~2ton
d2sl1} = dmtx[1}11)
[ 134

-1

‘or £ = 2 tan
min = dlarge
for k ~ 2 ton
tf (k <> }} then
1¢ alx} then
diat = dmtw{$lik}
cost = call provislonal ocost
ans variableat
S
L TEN TR U R el Y pes i ki e 4
tines « line_vectocik}

{primdist.pas)

GR - Gn

dist ~ dist
diat28AL = dist ¢+ d2st}}
density « density
fFlilFactor ~ FlllFacror

.

tf cost < c(k]l then
c{k} = cost
di{k] = dist

bik} =~ 3
end if
1t min > cik} than
min - alx}
1 =
dist2 » di{k} ¢ d2a(b(k]}
end it
end L€ { it a{k} |}
end 1t
nent k
-1

aljl « false
d2s{l) ~ dlst2

next |
for L = 2 to n do

_fromli} - 1
“talt] = b1}

primdist.pas

dist2node{i] ~ ai{l}
aiot2SAI{L] ~ d2s(l}
next

_from(i} ~ 1

tof{t) ~ 1
dist2node(l]) ~ zexo
distI8AL(l] = zexo

proosduss get_lines
passed variablest
Gk
density
ros
col
NS_lote
EW_lots
lines
*n
*iine_vsctor
3 3
.
*drop_terminasl_cost
*ua_nld_cost
“drop_cost
“drop_(eat

local variables:
{

3

factor

tines per_lot
total fots
drop_length
pet_ugd
pee_bur
pct_serx

tmp

us

bs

[}

mh

drop_terminsl_cost = ssro
total_lots - EM_jots °* %3 _lots
1ines_per_ lot = 1ines / total lota

1 -1
loop whils L <= £M_lots

factor - one
b IR
loop while § <= N3 _lots
{ Take in lots on both sides,

top and bottom, unless this 135 a2 microgrid |}

[ 3]



wimdist.pas

{ border, In which case take In lots only on one side. 1f it I3 the

{ corner, take in only one lot.

tr (4 = EW_lots) or (§ = N3_lots) then
factor = 2

else
factor ~ 4

end if

1t (1 = EW_lots) and (J = NS_lots) then
factor = one
end if

n = nel

line_vector(n} = factor * lines_per_lot

®nin} = GA.LowerLeftX + {col - }} * QR.MicroGridEW + | * {one / EM_lots)
yin] = GR.LowerLeftY + (row - 1) * GR.MIcroGridNs + § * (ome / HS_lots}

tap ~ call struoture_cost_fn
pass variables:
line_vector(n]
0
density
GR. hardness
GR.DepthToBedrock
GR.So{1Texture
GR.MinSlope
GR.Max51ops
GR.WaterTh
0
1
0
‘us
*bs
‘as
*sh
*pet_ugd
‘pcL_bur
‘pct_aer

3

drop_terminal_cost ~ drop_terminal_cost
¢ call drop_terminal_ocost_fn

pass variables:

factor * lines_per_lot
density

pcr_ugd

pct_bur

pce_aerx

1 -3¢
and loop (J <= NS_lots)

1 » 102
end {( while | |}

{atructur.pas)

(terminal . pas})

[ 3]

primdist.pas

{ Now we need to calculate drops to customer locations )

drop_length = wser lambda * 0.5
* sqrelsqgr({l / NS_lots) *
¢ sqri{{l / EW_lots) *
¢ {1 - user_lambda) * .5 *

Lt drop_langth > max drop leagth then
drop_length =~ max drop length

End if

drop_cost - total_lots * drop_length °

drop_feet - total_lots * drop_length

GR.HicroGridHS * DilstRoadFaator)
GR.MicroGridiWw * DistRosdFactor))
(1 / H3_lots) * GA.MicroGridHS * DistRoadFactor

coet_per_drop kt

{ Finally, calculate cost of nlds for this mlcrogeid )

MG_nid_cost « aid coast * total_lots

procedure calcoulate_prim distribution_ocost
passed variables:
GR .
num_3Als
SAIX
SALY
density
FillFactor
1ines
flag
‘prim_distribution_cost
‘priM_line_feet
‘prim_drop_feet
‘prim_drop_cost
‘prim_nid_cost
‘prim_linos_served
‘prim_tarm_cost
*MaximumDistance
‘ugd_cable
‘bur_csble
‘aar_csble
‘ugd_structure
‘bur_structure
‘asr_structure
‘ManholeCost

local varlables:
3

p]

n

 §

nidx

aidy

lots

£_tots

NS_lots

1 3]



imdist.pas

Area
cable_cost
structure_cost
total_lines
sa1_tinkpistance
tl_lines
Qqauge

penalty

uc

be

ac

us

bs

2

mh

dmt x

x

Yy

line_vector
_froa

_to

cut_ord
DistToNode
DistToSAl
route_distance
tcost
grid_dropterm_cost
grid_drop_cost
grid_nid_cost
grid_drop_fest
dist_cost

test

prtl_dlltrlbutlon»coll
prim_drop_cost
prim_nid_cost
prim_term_cost
prim_drop_feet
ugd_cable
bur_csble
ser_cable
ugd_structurd
bur_structurd
ser_structurs
HanholeCost
Haximunpistsnce
prim_line_test

tor k = 1 to nua_SAls

{ Flrst, we Daed to set up the

x(1) = SAIX(K}
yl1} = SAIY(K]

z4rx0
2450
2820
26K0
ser0
exrd
2850
2850
s26K0
sex0
28K0
2050
2880
58X0

llno _vector(l] = sere

nel

o

distance matrix to be used by PrimTree. |

3]

primdist.pas

for | ~ {1 to GR.nrow
tor jJ = 1 to GR.ncol
ft tttag(i,§) = Xx) snd {lines[i,3]) > zer0) than
lots ~ round(GR.housaholds|i, )] * takerats)
¢ round{GA.buslinea{l, 3] / lines_per bus)

call lot_divide {lotdiv.pas)

pass variables:
tota

*NS_lots
*EWH_lots

call get_lines
pass variables:
GR

dansity

i

3

round (N3_lots)
round (EW_lots)
1ines{i. })

‘n

“line_vector

‘n

N
*grid_droptesa_cost
*grid_nld_cost
*grid_drop_cost
*grid_drop_{feet

prim_drop_cost
prim_nid_cost

grid_drop_cost
9rid_nid_cosk

prim_drop_cost
prim_nid_cost

LI

- prim_term_cost prim_term_cost grid_dropterm_cost
pria_drop_faet prim_drop_fleest grid_drop teet
end ir -
next §
next 1|

A terma = AT (inmbeciof [drop/tarminelsa}’ not, including BAIX}

(primdist.pas)

{TAML sSteihax}Juncrionifiodes atteachiIdtelca " polnt falsng axes throlgh, SAL" 1ocationT)

=y IE YN neol
'n(notl - ou Loqn?loltx AL oRiHLcroar Ldew

{nbl
‘Lvnc rlnﬁﬂf‘.’h-m

mrn
’ ' atol t) J'll!‘
fnd wmm;nun Uih S on Lot LT YT IY ESATHE e Toa i LdHS
N '&'tt ummmmmmhoouu'-'x-rd

[ 13



primdist.pas primdist.pas

*mh
b SR Y ORRGOINSGN; hEow

inud termala[nenitdtan +910( wdTwaik 1Eha_nuatibt{of i) ive nodent ta ‘include’ the SAL )
prim_distribution_cost - prim_distribution_cost + dist_cost

ugd_cable =~ ugd_cable + uc
for { =~ 1 to n do bur_cable ~ bur_cable + bc
for § = 1 to | do sar_cable ‘= aer_cable ¢+ ac
detx [t} 1) = {abs(x{i) - x{3}) ¢« abs{y(l) - yl3))) ¢ DistRoadFactor ugd_structure ~ ugd_structurs + us
dmtx{j} (1) = dmtx{i}{]) bur_structure = bur_structure + bs
next § AQr_structurs = aer_structure + as
next 1| HanholeCost = ManholeCost + mh
{ Now calculate the spanning tree. | for i =1 ton
if DistToSAI{l) > HaximumDistance then MaximumDiscance =~ DLatTOSAI{}})

call pria tres tprimdisc.pas) nent
pass variablaes:
GA for { =1 ton
n prim_line_feet = prim line foot + line_vector(i] * DlatToSAI{!}
line_vactor next !
datx
density next k
FillFactor
¢ _from
*_to
*DistToNode 4
*DistToSAlL

| Determine cuts by pruning branches |}

call prune (primdlat.pas)

pass variables:

n c
_to

‘cut_ord

! Accumulate lines at each node, and sum totsl feeder cost |

call ousulate_linas (primdtst.pas)

pass variables:
GR

n

_to
line_vector
DistToNode
DistToSAL
cut_ord
density
FillFactor
*dist_cosc
suc

*be

“ac

*us

‘b

‘as

L 3 -




wrimfeed.pas
rimfesd.pas

he three procedures avallable outside of this module arei
cusulate_lines
prune
prim_tree

roceduce cumulate_linaes
passed variables:
n | number of nodes )

_to

DistToNode

pistToSwitch

cuts )
structure_cost -
density

FlllFactor

*feeder_cost

s taed ApILteESst 3
‘ugd_cable

*bur_cable

*aer_cable

sugd_tiber

*bur_fiber

‘aer_fiber

‘ugd_structure

*bur_structure

‘aer_structure

‘ManholeCost

pct_ugd

pct_bur

pct_ser

local variables:
c

{

nc

k

was_cut
926_lines
g24_lines
tl_lines
tiber iines
i4s TSR
cable_cost
technology
n20t6

n672

n9é

n24

ucl

19

primfeed pas

bel
acl

tib_ilaes

us = ugd_structure
be ~ Bur_structuse
as - aer_structurs

mh ~ HanholeCost

ugd_structurse
bur_structure
asr_structure
ManholeCost
ugd_cablae
bur_ceble
asr_cable
uqd_fibaer
bur_fiber
ser_flber

uct

bel

act

utl

brt

afl

uc?

be2

ac?

uf2

LI DU B N NN NN N D D RN DA B RN NN DN BN NN TN N

a8xo
asro
280
asxo
8o
aero
z8K0
28K0
serxo
s8r0
2850
26K0
askxo
aero
s0x0
a8x0
216K0
asgo
asro
sero



irimiced.pas

be2 - zero
at2 - Rexo
ueld - Rero
bel = sexo
ac) - zero
utl - zerxo
bt ~ serxo
at) = zero
seg v gmmy

ol il
Hy AT

4"

{ First, make the technology determination.

tor

next

tor

next

for

ﬂQKt

for

I = 2¢ton
i€ § <~ num Sas ¢« 1 then
call oaloulats feeder_tachnology
pass variables:
DilstToSwitch{l])
i -1
density
Fillfactor
*technology
*n2016
“n672
*n96
*n24
pct_uqd
pect_bur
pct_aer

nc ~ cuta{l} for L - 2 to n do if cuta{l]>nc then nc =~ cuts(l

end ¢

{1 ~=1¢ton
was_cut{l) = false

i -1 ton
926 _ "Yines{i) = zERO
Q24_ “1ines{l) ~ szzRO
t1 _1ines(l) ~ zxmO
tiber tablasii} =0
tor 3, a‘l ;to (100

rreibeg. “1ines(L]{31 <" sxmo
n.lt
{ ~=2¢ton

if L <= pum Sas + 1 then

!

primfced.pas

)

{tech.pas)

neRt

end &f

select case SA_arrayli-1).feeder_technology
case copperlé
926 _lines (1} =~ SA_arrayl{i-1]).Reskines / FlllFactor
v {SA_array(i-1]).BusLlines
- 131 / 12 * SA_srray(i1-1].8witchedDs]
‘ - 11/ 12 * SA_arrayi{l-1]).3pclAccessDsSl} / FlllFactor

tl_lines(i) - (SA_array[i-1}.SwitchedDS]
¢ SA_array(i-1).8pclAccessDsSl) / FlllFactor

case copper2d
924 iines (i) ~ SA_array{i-1}.ResLines / FlllFactor
¢ {SA_ lrray(l 1}.BusLines
- 11 / 12 « SA_array{i-1).SwitchedDS]
- 11 /12 * SA_array|l-1).SpclAcceasDSl) / flllFactor

tl_lineali}) = {SA_arrayli-1].SwitchedDs]
v SA_arrayli-1}.SpclAccesadnst) / Flllfacto:

case t 1\
ti_linas(i) -~ (SA_arrayi{i-1).ResLines / FillFactor
¢ SA_array(i-1}.BusLines / filllfactor)
* tl_redundangy faotor / 1 2

case fiber
fiber_linesall}l = (Sk_atrly[l~ll.n20l6 ¢ SA_arrayli-1}.n6722
v+ SA_arcay{i-1}1.n%6 + SA_array(i-1}.n24)
> 4 / ribesrillractor
end select

feedar_cost = LERO

feed_spl

for c =~

oi

1

ics_cost = LXRO

1 to nc
{ -~ 2 ton
1f not(was_cut{i}) then
{f cuts(i}=c then
k - _tofl)
926 _Yines{k]} = g26_lines(k] ¢+ 926 lines{l]
924 _lineslk] = 924 _lines|k] ¢« @24 _lines{l)
tl_lines(x) - tl iines{k] + t1_lines(l]

{do fiber lines flirat)
{wa look at spliclng costiwhdreTeconddlcally arficlant)
12, tiver ceblesil}is 0 then

‘tcol = sero
.ufl’="sero

91
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rimfeed.pas primfeed.pas

pct_bur
pct_aser

prodsdure prune

¢ call feed oable_oost (cable.pass) passed varisblas:
pass varlables: n { number of nodus )
tl_tines(i) _to
denaity *cut_ord !
(A
*ucl
*bnc) local variables:
“ac) total_cuts
*uf} cut_nua
*bt} was_cut
2l 1
pct_ugd
pct_bur cur_1it
pct_aer
total_cuts = 0 !

for t =} ton
cut _ord(i} - 0
next

cut_nus =~ 1

for £ = 1 ton
was_cuti) = false
naxt

repeat
for L = 2 ton
. it not (was_cut|i)) then
- cut_it = true
for § =~ 2 won
if not (was_cut(j]} then
it _to{j) - | then
cut_it - falae
ugd_cabla = ugd_cable ¢ (ucl + uc? + ucl——wed) * DistToNodel|i} ond

bur_cable = bur_cablie ¢+ (bcl ¢+ bc2 + bcl—-bed} ° DlatToNode(l] end {f
aet cab‘h = set_cable ¢ (acl ¢ sc2 ¢ ac)—-eed) * DistToNode(!) next
P Y P T LA a g o e ' rat

if (926_Yinanii]) + 924_linasii) ¢ t) _lines{i}¢+ fiber_cables(i}}
> 1.0e-§ then
fesder_cost = feeder_cost + (structure_cost + cable_cost)
* DistToNode(i])

1f cut_it then
cut_ord(i] ~ cut_nua
was_cut{l] = true
total cuts - total cuta + 1

w mensy LR e

-

Hidl. o200

ugd_structure = ugd_structurs ¢+ us * DisttoNode|l)
bur_structure = bur_structurs + bs * DistToNode(l]
ser_structure = aer_structurs + as * DistToNodel{l] end §f
HanholeCost = HanholeCost ¢+ mh * DistToNode(i) end If

end it Cut_num = cut_nua » 1

was_cut[l] = true until total_cuts = n - 1

end it
end i
next 1§
next ¢ funotion provisional gost
passed varlables:

93 %




rimfecd.pas primfeed.pas

1 { indexes the SAI |} select case technology
dist | distance to the tree )
dist2awitch { distance to the switch via tree | ) case fiber
density { average density for tree ) 1ines ~ (n2016 ¢ n672 + n96 + n24) * 4 / riberrillraator
filifactor
ac_structure case t_1
pct_ugd lines ~ SA_array{l].lines * t1_redundancy fagtor / 12
pct_bur
pct_aer case aelse
lines ~ SA_arrvayli).ResLines / FillFactor ¢+ (SA_array{i].Buslines
- 11 /7 12 * SA_srrayli).swltchadDs)

tocal variables: - 11 /7 12 * SA_arrayli).SpclAccesaDsl) / Fillfactor
cable_cost end selact
n2016
n612 cable_cost ~ call feed osble_oost {cable.pas)
n9é pass variables:
n24 lines
lines dansity
technology technology :
uc tuc e
be *bc
ac tac
uf ‘uf
bt 14
at . ‘af
sal_index * pct_ugd

- pct_bur
{Calculates a provisional feeder cost for a given SAI based on sllocating both pct_aer

structure and cable cost between the SAl and the tree, and a cable cost only for

the entire distance from the SAI to the switch. }
. 1f lines > then

provisional _cost = dist * ac_structure + dist2switch

L * {ac_upd cop * uc ¢ 80_bur cop * bC + so_ser cop * ac
3 ¢ sc_ugd £1b - uf + a0 bux £ib * Lt + ac_sex_£ib * af)
{t { <~ mum SA® then [look only &t "live” podes, which are indexed 1..num SAs | alse - -
- provisional cost - aexo
{f First, make the technology determinstion. } enda it
call oalagulate_feedar_technology (tech.pas) alse
pass variables:
dist2ewitch provisional_cost - dlst / 1000
i
density end If
fillFactor
*technology
“n2016
*né?2
‘neé proasduze pria_tree
‘nid passed variablas
pct_ugd n { number of nodes, tncluding switch |
pct_bur datx { distance matsrix |
pct_ser deneity | average density for tree )
- fillfactor
sc_structure
{ Now calculate structure and cable costs, assuaing that geologlc faccors * _trom { 113t of SALs, with 8! = awitch }
throughout fseder route are the sams as those for this SA. | ¢ _to { SAI that each node points to )
*dist2node { distance from sach SAI to next node |

97 9,




rimfeed.pas primfced.pas

“dist2switch | distance to awltch from esch 3AL |} pet_aer
pct_ugd
pct_bur tf cost < c(k} then
pct_aser ctk) = cosc
di (k] = disc
bixk) =~}

10cal constants:
dlarge = 999999999.9 end 1t

If min > cf{k] then

l1ocal variables:
H min = cfk]
3 1~k
3 dist2 ~ dlfk} + d23( bk} }
1 end it
a end {f
b end it
c next k
dl
d2s y -1
min a{jl = (alae
ldn d2sfl) = dise?
alist
dist2 nent 1
cost
technology . for t » 2 ton
“ _from{i} = 1
for L = 1 to n do _to(t) - it}
ali) = true dist2node{l} « di(}])
pii) - 0 dist2switchil) - a2s(l)
ciil} ~ dlarge next
difi] = 2er0
next _trom(l} -1
_tojl} =1
cl{l]) = sero diftinode(}] - zeso
dist2switch|))] ~ rero

d2s{l] =~ sero

for L = 2 ton
d2zs(i] - dmtx{Llj(}}
noxt

=1

for i = 2 ton
min = dlarge
for k = 2 to n
1f (k <> §) then
tf ajk] then
dist ~ dmtm{3}(x]
cost = call provisional ocost {primfeed.pas)
pass variablest
k-1
dist
disced2s(})
density
Fillfaccor
ac_structure
pet_ugd
pct_bur



rimsai.pas primsai.pas

for 1 = 2 ton
it cuts{i}>nc then
nc = cuta(i})

ve only procedurs used outside of this function is qct_linl—coit end if

rimsai.pas

for 1 = 1 ton
was_cut{i]) = (alse

roosdure oumulats lines
next

passed variables:

n { number of nodes )

_to for { = 1 ton

ds0_lines tl_lines(l} = zero

DistToNode next

DistToPrimary

cuts ' for 1 = 2 ton

density tl_lines{i] = ds0_lines{i} * ¢! redundancy factor / 12

SA next

*1ink_cost .
‘term_cost 1ink_cost = Rerxo

“n96 tera_cost - sero )
“n24 ugd_cable - sero e
‘ugd_cabls bur_cable = xero

‘bur_cable - aer_cable = sexo

ugd_structure = sero
bur_structure = #fero
asr_structure = s&so
HanholeCost - s8x0

‘aer_cable
*ugd_structure
‘bur_structure
*aer_structure
*ManholeCoat

Ry

tor ¢ = 1 to nc
tor 1 ~ 2 ton

iocal variables
if notiwas_cutlil]}) then

c
1 1f cuts{l]=c then
nc % - _tofl]
X * ti_lines(k) = ti_llines{kx) + t1_lines{i]
was cut ¢ 17 ¢1_Yines(l] > Aalr then
t1_lines tap = call structuce_cost_fa (stcuctuc.pas)
cable_cost pass variables:
technology tl_lines{l
structure_cost
ve density
be SA.hardness
ac SA.DepthToBudrock
ut SA.SoilTexturs
bt SA . HinSlope
at SA.Max8lope
us SA.HatesTh
ba E 1
as 1
nh 0
tmp ‘us
pct_uqd *‘ba
pct_bur ‘as
pce_aser *ah

*pct_ugd

‘pct_bur

‘pct_aer

technology = t_1

nc ~ cutsfl} elaa

{0t 102




msai.pas

and

tmp ~ call struature_ocost_fn

if

{structur.pas)
pass variables:
9999

(1]

density
SA.hacdness
SA.DepthToBedrock
SA.5011Texturs
SA.MinSlope
SA.Hax3lope

SA . HaterTh

1

1

0

‘us

*ba

‘as

‘mh

‘pct_ugd
‘pct_bur
‘pct_ser

structura_cost = mp

K3

it t1_lines(i] > balf then

else

tRp =

tmp =

call fead cabls_ocast {cable.pas)

pass variables:
ti_lines{i}
density

t_1

suc

*be

‘ac

uf

‘bt

*at
pct_ugd
pct_bur
pct_aer

call feed osbla_ooat {cable.pas)
pass varisbles:
9999

dansity

t_1

‘uc

*be

‘ac

suf

‘bt

‘af

pet_ugd

pct _bur
pct_aser

to3

primsal.pas

«nd
. end {f
next |
next ©

prooedure prune

end if
cable_cost - tmp

if t1_lines(i} > balf then

top « call tl_termlnal cost_fn

pasa variables:
ds0_linesl(i)
*n96
*n24
else
tmp = ac24d
n3¢ - 0
n24 = 1
and (f

term _cost -~ tefrm_CoOSt + tmp

iink_cost = link_coat + (structure_cost + cable_coat)

¢ DistToNodae(l}

¢ DistRosdrsotor

{tetminal.pasj

ugd_cable = ugd_cable + uc * DistToNods|l} *DistRosadFactor
bur_cable = bur_cable + bc * DistToNode(l]| * DistRoadFactor
ser_cable = aer_cable + ac * DistToNode{l] - DistRoadfactor

ugd_structure ~ ugd_structure ¢
bur_structure - bur_structure * bs * DistToNode[i!
ser_atructure -~ ser_structure +

HanholeCost ~ HanholeCost *

vas_cut{li] = crue
%4

passed varlables:
n { nuaber of nodes |}

_to
‘cut_ord

local variables:
total cuts
cut_num

was_cut

i

)

cut it

total_cuts - 0

or 1 = 1 ton

cut_ord{i]) - 0

next

mh * DistToNode(il

us * DistToNode|il]) °* DistRoadFactor

DistRoadFsctor

a3 ° DistTolode{l] ° DistRoadFactor

DistRoadractor



imsal.pas

cut_nus = |

for { = 1 ton

was_cut(i] = false

next

repeat

tor { =2 ¢ton

it not (was_cut{i}) then
cut_Lt - true
for § ~2ton

1t not(was_cut[}]) then
it _toljl-i then
cut_Llt - false
end it
and if

nexat 3

1¢ cut_it then

cut_ord{i} = cut_num
was_cut{l) = true
total_cuts = total_cuts ¢+ 1

end LI

end 1t

next {

cut_num « cut_num ¢ 1

until total _cuts = n - 1

rocedure prim _trae

passad varisbles:

n
dmtx

+ trom
- _to
cdl
*d2p

{

—— - -

local constants:
disrQe = 99999939%.9

local varisbles:

T e e -

o

dist
dist2
cost

number of nodes, Including primasy SA! )

upper triangls of distance matrix}

list of SAIs, with 01 ~ primary |

Bring forward lines from previous microgrids )
distance from each SAIl to paxt node |

distante to primary from each SAI )
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primsai.pas

tor | =} to n do
afi) = true
bii) - 0
cl{i} =~ dlarge
difi) ~ xeso
next f

c{l) = sero
d2p{l) =~ zexo

for { = 2 ton
dip(i} =~ dmen{illl])
next

j -1

for 1 = 2 ton
ain « dlarge
tor k = 2 to n
if (x <> ) then
if s(k) then
dist - dmtx{3] (k)
cost = dist
it cost < c{h] the
cfk}) = cost
daiik) = disc
b{k] -3
end i¢

it min > clk} then
min = cfk)

", 1~k
distl - di(k]
end 1if
and it
end 4§t
next k
3~ 1

al{§) =~ talse
d2p1l) - dist2

next 1

for { = 2 to n do
_from(i} - 1
_tofl} ~ bil)
next

_froa{l} ~ 1
_to(l) -1

proasdures get_link_cost
passed variasbles:
number_of_SAlS

n

+ d2p(bix])



inmsai.pas

SA

SA1_lines

salx

saly

density
“1ink_cost
‘term_cost
*1ink_line feaet
“nc9é

‘nc2¢
*ugd_cable
‘bur_cable
*asr_cable
‘ugd_structure
*bur_structure
*asr_structure
*HanholsCost

local varisbles:
uc

bc

ac

us

bs

as

nh

L]

_from

_to
DistToNentTarm
pistToPrimary
cuts

i

]

term_cost =~ sero
1ink_cost =« sero
ugd_cable ~ zero
bur_cable = serxo
ser_cable = zero
ugd_structurs ~ zero
bur_structure = xerxo
aer_structure ~ safo
HanholeCost - gero
link_lline_feet ~ séso

if numbaf_Of_ 3Als > 1 then

{ First, set up distance matrix betwean SAls...

for { = 1 to number_of_3Als
for § = 1 to number_of SAls do

mfi]13] = abs(asix{i}-saix{3}) + abstaalytil-saiytil)

next §
next {

call prim_tzee
pass variablem

iprimsal.pas}
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primsal.pas

n - number_of SAls
drix - M -

¢ from - from

*to =~ _to

+dl = DistToHextTerm
*d? - DistToPrimary

call pruna

pass varisbles:

n = nuaber_of_SAla
_to -_to

‘cut_ord = cuts

call cumslate_lines
pass variables:

n « nusber_of_SAls
to ~_to

da0_lines = SAI_lines
DistToNode ~ DistToNextTerm
DistToPrimary = DistToPrimary
cuts - cuts

dansity = denaity

SA - SA

*1ink_cost - 1ink_cost
‘term_cost - term_cost

‘n%6é = nché

nld - nc24
‘ugd_cablse - uc

*bur_cable - be

*aer_cable - acC

*ugd_structure = us
‘bur_structure - bs

‘*aer_structure -~ a3

*Banhole_cost =« ah

ugd_cable = ugd_cable + uc
bur_cable =~ bur_cable + be
aar_cable = ser _cable ¢+ ac
ugd_structure ~ ugd_structure + us
bur_struCture =~ bur_structure ¢+ bs
aer_structure = aer_structure s as
ManholeCost = HanholeCost ¢ Bl

for 1 - 1 to number_of SAls

{primaal.pas)

tprimsal.pas)

ink_line_tesr = link_line_feut + SAl_lines(l} * UlstToPrimary(i}

next

end if
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rminal.pas terminal.pas

tminsl.pas 12016 - min(2016.0 * n2016, lines ) tglobal.pas)
1672 - min( 672.0 * n6272, lines - 12016 )

196 ~ ain( 96.0 * n9%6, lines - 12016 - 1672 )

124 = Lines - 12016 - 1672 - 19¢

cost = 22016 ° n2016 ¢+ b2016 * 12016 +» 4672 * n612

tiber_terminal_cost_tn
t1_terminal_cost_fa ¢ DETZ ¢ 1672 + 296 * n96 ¢+ b6 ¢ 196 ¢+ a2d * n24 ¢ b2E 124

drop_terminal_cost_In

ree functions ars used outside of this module:

.

Cabcost ~ call feed_osble_oost {cable.pas)
notion fiber_ terminal_ooet_f£n pass variables:
passed variadbles: lines “(n2016 * n672 + n%€ ¢ n24) * 4 / riberrillraactoc
lines density ~ denaity
dlatance technology = fiber
density ‘ugd_coppar - uc
*n2016 ‘bur_copper = be
0672 ‘taer_copper - ac
“n9é *ugd_(iber =~ uf
*n2d *bur_fiber =~ bf
pct_ugd *secr_ftiber =~ af !
pct_bur ) pct_ugd ~ pct_ugd :
pct_aer pct _bur = pct_bur
pct_aer - pct_aer
local variables
cost cost - cost ¢+ cabcost * diatance
mincost P
min2016 if cost < mincost then
min€?2 mincost ~ cost
min96 min2016 - n2016
min24 miné?2 - né672
i ain%6 ~ n96
3 . ain24 - n24
X . and if
12016 T
1612 M next k
196 next 3§
12¢ next |
cabcost
uc n2016 - min2016
bc né12 - ainél2
ac n9é - ain9¢
ut n2d - ain24
bt
at cabcost = call feed_oable ocost (csble.pas)
pass variables:
{Calculates cost of fiber terminals for a givan number of D30 lines served, 1ines ~ {n2016 + n672 + n96 + n24] * 4 / ribesrrillractor
including number of terminals of each size, using integer search., | density « density
technology = flber
if tines > balf then ‘ugd_copper ~ uc
aincost = }.0e¢l6 *bur_copper = bc
for L = 0 to round{ linas / 2016.0 ¢+ hair ) ‘aar_copper - ac
tor § = 0 to round( (lines - 2016.0 * i) /672 ¢+ half ) ‘ugd_fiber = ut
for k =~ 0 to round( (lines - 2016 *4 ~ 672 * §) / 96 + ball) ‘bur_tiber = bf
n2016 = { *aer_tiber = af
n€72 - § pct_ugd =~ pct_ugd
ndé - & pct_bur = pct_bur
n24 = round{(iines - 2016 * n2016 - 612 * n622 ~ %6 * n96)/24 + halr ) pct_aer - pct_aer

1f n24 < 0 then n24 = 0




minal.pas

tiver_terminal_cost_fn ~ mincost - cabcost * distance

slse

end

n2016 « 0O
né72 -~ 0

n9é
n24

-0
-0

fiber_tecrminal_cost_fn =~ zerxo

it

ction tl_terminal_ocost_¢n
passed variables:

lina
*ncH
‘nc2

3
[
4

local variablea:

cost
minc
ming
min2
i
196
124

iCalculatas cost of ¢-!

ast
6
4

number of terminals of each size, usling Integer searsch. |

if lines > half then
mincost = 1.0e¢lé

else

for

[
nc96
ncZd
it n

136
124

cost

it ¢

neaxt

end

0 to round{linas / 96 ¢« half )

-1

- round{{lines - 96 * nc9%é) / 24 » half )
c24 < 0 then nc24 - 0

-~ ain{96 * nc%6, lines)
= lines - 196

= ac%6 * nc36 + bc96 ¢ 196 + ac24 * nc24 ¢+ bc2d 12U

ost < mincost then
mincost =~ cost
min9é ~ nché

ain24 - nc24

it

ncdé ~ mindé
nc24 - min2d4
t1_terminal_cost_fn - mlncost

terminals for a given number of DS0 1ines served, Including

{global.pasj

terminal.pas

ncdé - O
nc24 - 0
tl_terminsl_cost_fn ~ zero

end if

funotion drop_terminal_cost_tn

passad varisbles:
lines

density

pct_ugd

pct_bur

pct_aec

local variables:
i
temp

temp =~ xero

if Iines < 1.0e-6 then
drop_terminal_cost_fn - 24ro0
alse

tomp - szer0
for t = 1 to MmDropTesminalSises
{{ ilnes >~ DropTesxwCostfi).size then
temp = pct_ugd * DropTesmCost[i).CoatUgd
¢+ pct_bur * DropfTermCost{li].CostBur
¢+ pct_ser * DropTermCost(i).CostAer
and ¢
néxt

drop_terminal cost_fa - temp

end if
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:ch.pas

ich.pas

o only procedure used outside of this modules s calculste_fesder_tochaslogy

roceduse onlculntc_tcodnq_toohnoloqy
passed variables:
feeder_distance
1
denslty
FillFactor
*technology
*n2016
*n612
*n96
*n24
pct_ugd
pct_bur
pct_aer

local variablas:
n
tapl
tap2
tep)
c2é
c24
ctl
ct
126
124
il
1t
uc
be
ac
ul
bt
at

n2016 - 0

né12 = 0

n9g - @0

n24 - 0.

tochnoloqy = copper2é

SA areay(i}.tiber tersinal_cost = sarxo
A urtnyli) tl tcr-lnal cost - zéso
sA_array{i). interface_ cost - zexo

SA_arvayii).n2016 - 0
SA nrtnylll n§?12 - 0
A Arrlyll] neé - 0
SA arrayli).n24 « 0
SA_array{l).nc9é = 0

i)

tech.pas

SA_array(l) .nc24 = 0

126 ~ BA_arcay|i).RasLines / FillFactor
¢(8A_array{i}.8usLines - 11 / 12 * SA_arrayli}).Switchedds1
- 11/ 12 & BA_arrayll}. SpclAccc:sDSl) / Fillfactor

124 ~ 126

1t = {SA_array(l).Rastines / FillFactor + SA_array(i).BusLines / FillFactor)
* t1_redundancy facter / 12

tmpl = call fiber terminal cost_fa {terminal . pas)
pass variables;
1ines = SA_arcay(i).lines / Fillfactor

distance = fesder_distance

density = SA_arrayf{i}.density

*n2016 =~ n2016 *
*n672 - n672

*n96 = n%6 K
*n24 e n24 .
pct_ugd = pect_ugd

pct_bur = pct_bur

pCL_aer = pct_aer

tupl = tmpl * a0 _fib temm
1f = (n2016 + n&72 ¢+ n%6 ¢ n24) * 4 / ribexrilllactor

{ Calculate provisional terminal costs. Note that the terminal cost fns use D50
equivalent lines, so we need the (i1l factor, but not D51 calculations.)

t-pz = call t1_temminal_ocost_fn {terminal.pas)
pass varisbles:
-> 1ines = SA_arraylil.lines / FillFactor
*nc96 - n%é
‘nc2d4 = n24

tmp2 = tmp?2 * a0 tl tesrm
tap) = maro

tor n = 1 to MmICPoxBlaes
It 126 >~ IatfoCost{n).MmLines then
tap) = IatfcCost{a}.cost
end it
nent

tapl) = tmpltag fdi
{ We will choose feeder technology by least-cost under the sssvmption that esach
SA sends feeder directly to the awltch without sharing cable. |
c26 = call feed_osble cost {cable.pas)
pass variables:

lines - 126
density = density
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